We present calculated seismic velocities and anisotropies of mafic granulites and eclogites 16 from the Cretaceous deep lower crust (~40-65 km) of Fiordland, New Zealand. Both rock 17 types show a distinct foliation defined by cm-scale compositional banding. Seismic properties 18 are estimated using the Asymptotic Expansion Homogenisation -Finite Element (AEH-FE) 19 method that, unlike the commonly used Voigt-Reuss-Hill homogenisation, incorporates the 20 phase boundary network into calculations. The predicted mean P-and S-wave velocities are 21 consistent with previously published data for similar lithologies from other locations (e.g., 22
Kohistan Arc), although we find higher than expected anisotropies (AV P ~5.0-8.0 %, AV S ~ 23 3.0-6.5 %) and substantial S-wave splitting along foliation planes in granulites. This seismic 24 signature of granulites results from a density and elasticity contrast between cm-scale 25 pyroxene ± garnet stringers and plagioclase matrix rather than from crystallographic 26 orientations alone. Banded eclogites do not show elevated anisotropies as the contrast in 27 density and elastic constants of garnet and pyroxene is too small. The origin of compositional 28 banding in Fiordland granulites is primarily magmatic and structures described here are 29 expected to be typical for the base of present day magmatic arcs. Hence, we identify a new 30 potential source of anisotropy within this geotectonic setting. 31
Introduction 33
The seismic properties of rocks are a major source of information that is used by geologist 34 and geophysicists to derive the composition, structure and, with that, rheology of the crust 35 and the mantle. In particular, the directionally dependent propagation of seismic waves, i.e. 36 seismic anisotropy, can provide valuable information about flow related structures at depth. 37
For example, anisotropy attributed to the crystallographic preferred orientation (CPO) of 38 olivine provides strong evidence for ductile flow within the upper mantle (Karato and Wu, 39 1993 ). Due to the very limited number of outcrops of pristine lower crustal rocks not affected 40
by later retrogression, analysis of seismic anisotropy is also one of the prime methods to 41 decipher the deformation behaviour of the lower crust (Moschetti et al., 2010) . Seismic 42 anisotropy can be determined using various methods, for example, P-wave and S-wave 43 tomography (Cheng et al., 2016) , and ambient noise tomography (Moschetti et al., 2010) . 44 However, the interpretation of such data is still challenging due to compositional and 45 structural heterogeneity of the lower crust. The link between the variety of compositions and 46 microstructures in lower crustal rocks and their seismic properties still needs to be 47
established. 48
In many studies, it has been shown that seismic anisotropy in the crust can result from the 49 presence of horizontal layering (Backus, 1962 ) and a strong texture or CPO of anisotropic 50 minerals, such as amphibole and mica, which is often also associated with shape preferred 51 orientation of these minerals in the rock mass (SPO; e.g. mica foliation, amphibole lineation) 52 (e.g., Baker and Carter, 1972; Mainprice and Nicolas, 1989 ). However, besides 53 crystallographic and shape preferred orientations many rocks exhibit compositional banding 54 at the mm-to cm-scale which theoretically could significantly influence seismic wave 55
propagation. Examples of such common compositional banding include mineral banding in 56 high grade rocks, e.g. granulites, eclogites and gneisses. As compositional banding is a 57 priori an anisotropic feature in the rock, it may result in seismic anisotropy. However, so far 58 the influence of compositional banding, other than mica foliation, has not been studied in 59 detail. 60
In this contribution we present the calculated seismic properties of rocks collected 61 from the Cretaceous Fiordland arc (New Zealand). Interpreted to be the rapidly uplifted mafic 62 root of a magmatic arc, this section of lower crustal rocks is relatively unaffected by later 63 retrogression and reworking. Samples include a suite of garnet and two-pyroxene granulites 64 with layers and pods of eclogite that represent the deep (~40-65 km) root of the arc (e.g., 65
description of data processing can be found in Appendix A. EBSD For a quantitative measure of the relative strength of texture of each mineral the J-136 index (Bunge, 1982) of the orientation distribution functions (ODFs) derived from all data 137 points was calculated using mTex (http://mtex-toolbox.github.io/; Hielscher and Schaeben, 138 2008) . By definition, the J-index ranges from unity (corresponding to a completely random 139 texture) to infinity (a single-crystal texture). Seismic properties are calculated based on 140 textures of constituent minerals that were obtained from all orientation points acquired during 141 EBSD mapping, as seismic waves travel through the volume of the sample. In the aggregate 142 with a non-uniform grain size, a texture calculated using all orientation data points may be 143 strongly influenced by the orientations of larger grains. Similarly though, if large grains exist 144 they will affect the seismic signal to the same extent. Thus, for the purpose of comparing the 145 texture and seismic signal it is appropriate to represent and quantify texture using all 146 orientation data points. Furthermore, the effect of large grains is in our case minimized by 147 the size of analysed areas, small analysis step size, and relatively fine grain size of all the 148 minerals except garnet. 149
Calculation of seismic properties 150
To calculate seismic velocities we utilize EBSD GUI (Naus-Thijssen et al. polarization of seismic waves based on the specified bulk homogenised stiffness matrix . 157
To obtain the bulk homogenised stiffness matrix of polycrystalline rocks, an averaging 158 scheme is needed that relates the average elastic strain to average elastic stress of each 159 mineral in the rock mass. In case of an aggregate with a CPO, the anisotropy of the elastic 160 properties of each mineral must be taken into account, and for each crystallographic 161 orientation the single-crystal properties are rotated (Mainprice and Nicolas, 1989) . Bulk 162 elastic stiffnesses are calculated using the Voigt-Reuss-Hill (VRH) homogenisation (Voigt, 163 1928; Reuss, 1929; Hill, 1952 ) that averages the elastic properties of the constitutive minerals 164 based on their percent area. However, seismic velocities are also affected by the grain to 165 grain and phase to phase interactions, as these interactions result in heterogeneous stress and 166 strain fields in minerals (Vel et al., 2016) . Therefore, using EBSD GUI we discretise the 2D 167 spatial distribution of the different phases and the boundaries between phases using the 168 asymptotic expansion homogenisation (AEH) method combined with finite element ( In the following, we calculate seismic velocities using two methods: (1) applying the 174 VRH average and (2) applying the AEH-FE method (for simplicity, further referred to as 175 -AEH‖). We take into account minerals with abundances higher than 1 percent area. omphacite and garnet is present in eclogites (Fig. 2g, h ). 244
Crystallographic orientation data 245
In garnet granulites, poles to (100) of plagioclase and clinopyroxene (diopside and 246 omphacite) cluster in the foliation plane and normal to the lineation, poles to (010) are 247 oriented normal to foliation plane, and poles to (001) are parallel or sub-parallel to the 248 lineation (Fig. 3a) . The strength of texture of plagioclase varies, with J-index from 2.3 to 6.7 249 for granulites from Breaksea Tops, and 2.8 to 4.7 for granulites from Resolution Island 250 (Table 2 ). Omphacite and diopside show slightly lower J-index values that vary from 1.8 to 251
5.2 and 2.5 to 4.8, respectively (Table 2) . Garnet texture shows a clustering of 252 crystallographic planes around a single orientation, especially for (100) (Fig. 3a) . This 253 clustering is more pronounced for garnet in granulites from Resolution Island, where J-index 254 ranges from 3.6 to 8.1 (Table 2) . Garnets in granulites from Breaksea Tops show lower J-255 index values (1.3 to 4.6; Table 2), with the exception of sample BS05B, where texture is 256 dominated by large (d ~ 6 mm) garnet phenocrysts (Appendix B). 257
In two-pyroxene granulites the poles to (100) of plagioclase cluster in the foliation 258 plane, normal to lineation. Poles to (010) are oriented normal to the foliation plane, and those 259 of (001) show clustering parallel to lineation (Fig. 3b) . J-index of plagioclase varies from 4.4 260 to 6.9 (Table 2) . Textures of diopside and enstatite in two-pyroxene granulite are 261 characterized by clustering of poles to (001) parallel to lineation (Fig. 3b) . Poles to (010) and 262 (100) of diopside and (010) of enstatite do not show a distinctive texture (Fig. 3b ). Poles to 263 (100) in enstatite show clustering normal to the foliation plane (Fig. 3b) . The J-indices of 264 diopside and enstatite range from 2.0 to 6.7 and 3.1 to 8.2, respectively (Table 2) . 265
In eclogites, omphacite texture is characterized by clustering of poles to (010) normal 266 to foliation plane, and clustering of poles to (001) parallel to lineation (Fig. 3c ). Poles to 267 (100) are near randomly distributed. The J-index ranges from 2.7 to 3.9 (Table 2) . Garnet 268 does not show a distinctive texture (Fig. 3c) , and the J-index varies from 1.2 to 2.4 (Table 2) . The results of the calculation of seismic properties applying the VRH and the AEH method 272 are summarized in Table 3 and compared in Figure 4 . We find the mean P-wave and S-wave 273 velocities calculated for a given sample are nearly identical, despite using two different 274 homogenisation methods (Table 3, Fig. 4a ). Therefore, in the following we only refer to mean 275 velocities calculated with the AEH method. The calculated mean P-wave velocities (MV P ) in 276 garnet granulites ranges between the samples from 7.10 to 7.85 km s -1 , while MV P in two-277 pyroxene granulites ranges from 6.85 to 6.87 km s -1 (Table 3 ). The mean S-wave velocities 278 (MV S ) range from 4.06 to 4.46 km s -1 in garnet granulites, and from 3.96 to 3.98 km s -1 in 279 two-pyroxene granulites (Table 3 ). In eclogites, MV P and MV S range from 8.47 to 8.54 and 280 from 4.81 to 4.86 km s -1 , respectively . 281 MV P and MV S increase after recalculating the result to 600 MPa. In granulites, MV P 282 increases by 2.6-6.2 % and in eclogites MV P increases by 2.4-2.9 % ( Table 3) . The largest 283 increase in MV P is observed for granulite BS04D and equals 0.47 km s -1 (Table 3) . MV S 284 increases to a larger extent in eclogites than in granulites, 2.7-3.9 % vs. 0.3-3 %, respectively. 285
Seismic anisotropy in granulites 286
There is a noticeable difference in seismic anisotropy related to the method of calculation for 287 analysed granulites (Fig. 4b, Table 3 ). The seismic anisotropy of P-and S-waves is 288 significantly larger when the AEH calculation is applied (Table 3, Fig. 4b) . 289
The range of P-wave anisotropy (AV P ) in garnet granulites calculated with the AEH 290 method is 5.2-8.3 %, in contrast to only 0.9-2.9 % when calculated using the VRH method 291 ( Fig. 4b; Table 3) . Similarly, the range of maximum S-wave anisotropy (AV S ) in garnet 292 granulites is 3.4-6.6 % when calculated using the AEH, and only 1.0-3.6 % when calculated 293 with the VRH (Fig. 4b ; Table 3 ). The difference in AV P and AV S related to the calculation 294 method is not as large in two-pyroxene granulites as in garnet granulites (Table 3 , Fig. 4b ). 295 AV P and AV S are 5.9-6.0 % and 5.8-5.9 %, respectively, when calculated with the AEH, and 296 3.6-4.1 % and 3.7-3.9 % when calculated with the VRH (Fig. 4b, Table 3 ). 297
The two methods of homogenisation give two different distributions of V P , AV S , and 298 V S1 polarization planes in garnet and two-pyroxene granulites (Fig. 5a-b , Appendix D). The 299 P-wave velocity distribution in garnet and two-pyroxene granulites calculated with the AEH 300 method shows orthorhombic symmetry, with slow velocities close to normal to the foliation, 301 and a girdle of fast velocities in the foliation plane (Fig. 5a-b) . In garnet granulites, V P is 302 fastest in the direction perpendicular to the lineation (sample Y-direction, Fig. 5a ), while in 303 two-pyroxene granulites the maximum velocity is sub-parallel to lineation (Fig. 5b) . In both, 304 AV S is largest in the foliation plane, and for the direction showing largest anisotropy V S1 is 305 polarized parallel to the plane of high AV S (Fig. 5a-b) . 306
The distribution of V P , AV S and orientation of Vs 1 polarization planes in garnet and 307 two-pyroxene granulites calculated with the VRH average do not show a clear relationship 308 with sample foliation or lineation (Fig. 5a-b ). The V P shows a girdle of slow velocities 309 oriented ca. 45 ° to foliation, and travels the fastest in the directions sub-normal to the 310 foliation (Fig. 5.5a-b ). The AV S shows two maxima in a girdle also oriented 45° to the 311 foliation plane, with Vs 1 polarized almost perpendicular to a girdle of maximum AV S (Fig.  312   5a-b) . 313
Seismic anisotropy in eclogites 314
In contrast to garnet and two-pyroxene granulites, eclogites show similar seismic 315 anisotropies for both methods of calculation, the AEH and the VRH (Fig. 4b) . Calculated 316 AV P is smaller than 2 % and maximum AV S is smaller than 1 % regardless the calculation 317 method used (Fig. 4b, Table 3 ). Nevertheless, we observe a change in V P and AV S 318 distribution and V S1 polarization in the sample coordinates depending on the method used 319 (Fig. 5c ). While calculated with the AEH, P-waves are the fastest in the foliation plane and 320 slowest in the direction normal to foliation, AV S is largest in the foliation plane, with V S1 321 polarization planes oriented parallel to foliation (Fig. 5c ). For the VRH calculation, V P is also 322 slowest normal to foliation, but their fast propagation is in the direction of lineation (Fig. 5c) . 323
The AV S and V S1 polarization planes show a complex pattern, with multiple maxima (Fig.  324   5c) . 325
Discussion
We use two methods of homogenisation to calculate seismic properties in this study: the 328 VRH and the AEH-FE. The commonly used VRH average does not take into account the 329 spatial arrangement of the minerals and assumes homogenous distribution of all the phases, 330 whereas the AEH-FE method incorporates spatial arrangement of the minerals into 331 calculation. Thus, the difference in seismic properties related to the application of the AEH-332 FE homogenisation can be used to estimate the effect of the distribution of the constitutive 333 minerals on the wave propagation through the rock. 334
Garnet and two-pyroxene granulites 335
Assuming that all the minerals in garnet and two-pyroxene granulites are distributed 336 randomly in the rock volume (the VRH average) we find the following relationships. P-wave 337 velocity patterns in garnet granulites results from the combination of textures of plagioclase 338 and clinopyroxene (Figs. 3 and 5) . Plagioclase is characterized by high V P anisotropy (AVp ~ 339 48 %), with slow P-wave velocities parallel to poles to (100) and (001), and fast velocities 340 parallel to poles to (010) (Brown et al., 2006) . Contrastingly, clinopyroxenes show fast V P 341 parallel to (100) and (001), and slow V P parallel to poles to (010) (Bhagat et al., 1992; Collins 342 and Brown, 1998). Those contrasting properties result in weak texture-related V P anisotropy 343 (~1-2 %, Table 3 ). The distribution of V P shows the strongest link to plagioclase texture, due 344 to its large modal percent and, in most cases, J-indices stronger than that of clinopyroxene 345 (Tables 1 and 2 to the overall anisotropy of garnet granulites. V P anisotropy in two-pyroxene granulites is 347 higher than the anisotropy in the majority of garnet granulites (Table 3) . In contrast to 348 clinopyroxene, orthopyroxene is characterized by fast V P parallel to poles to (010), which 349 coincide with poles to (010) of plagioclase (Jackson et al., 2007) . Therefore, textures of 350 orthopyroxene and plagioclase superimpose to create a higher V P anisotropy in two-pyroxene 351 granulites. AV S and the orientation of V S1 polarization planes are similar in garnet granulites 352 and two-pyroxene granulites (Fig. 5) The high seismic anisotropy and modified distribution of V P and AV S in garnet and 359 two-pyroxene granulites analysed with the AEH method suggests a strong microstructural 360 impact on the seismic properties in these two rock types (Table 3 ). Due to compositional 361 banding observed in garnet granulites and two-pyroxene granulites (Fig. 2a) , the P-wave 362 velocity markedly increases in the foliation plane and V P distribution in the sample reference 363 frame becomes orthorhombic (Fig. 5a-b) . The comparison of the V P distribution of two-364 pyroxene granulite and garnet granulites shows that the presence of garnet in the latter 365 strengthens the orthorhombic character of P-wave velocities (Fig. 5a) . Thus, the fast 366 velocities around the sample Y-axis can be explained by the influence of garnet texture, and 367 more precisely, an area of fast velocities between garnet (100) planes (Fig. 3) . Interconnected 368 stringers of garnet and pyroxene crystals dominate the signal originating from the layer of 369 plagioclase, as garnet V P in this direction is much faster than that of plagioclase. The girdle of 370 high AV S and V S1 polarization planes do not show a clear relationship with texture of any 371 major mineral; it is now oriented parallel to the pyroxene ± garnet stringers that define 372 foliation. 373
Eclogites 374
The magnitudes of P-and S-wave anisotropies in eclogites calculated with the AEH and the 375 VRH are almost identical. In both cases, fast V P propagates parallel to poles to (001) of 376 omphacite, which are sub-parallel to the lineation (Figs. 3c and 5c ). Slow V P propagates 377 parallel to poles to (100) of omphacite (Figs. 3c and 5c ). The V P distribution is only slightly 378 modified by the microstructure, showing faster velocities in Y direction when calculated with 379 the AEH method (Fig. 4) . 380
The distribution of AV S and orientation of S 1 polarization planes vary between the two 381 methods to a larger degree. When VRH method is applied the AV S maxima are difficult to 382 link to texture of any of the contributing minerals (Fig. 5 ). When calculated with the AEH 383 method the girdle of high AV S and V S1 polarization planes are oriented parallel to mineral 384 banding, as in granulites. 385
Effect of compositional banding versus texture 386
As shown in our data, a banded or foliated microstructure might not always be well 387
represented by the VRH average. This is because such microstructure is in its nature 388 anisotropic and the elastic response of a rock to the wave propagation might be closer to the 389 isostress (Reuss) or isostrain (Voigt) bound rather than to their average. For example, in a 390 compositionally banded medium composed of minerals of different density and elasticity, the 391 rock response on the seismic wave propagating parallel to foliation (i.e. the compositional 392 banding) will be closer to the Voigt (isostrain) average. Similarly, the response to the wave 393 propagating perpendicular to the banding will be better represented by the Reuss (isostress) 394 average. The orientation-related difference in wave speed will be especially large for the 395 banded rocks composed of minerals with contrasting elastic constants and density, as their 396 isostress and isostrain bounds are further apart. Therefore, even though we observe a well-397 defined foliation in eclogites (Fig. 2g-h ) their seismic characteristics are only slightly 398 modified by the spatial arrangement of garnets and pyroxenes in the rock mass. However, in 399 garnet granulites where the density and elastic constants of plagioclase and pyroxene/garnet 400 vary significantly the signature of compositional banding is strong. 401
It is necessary to point out that although we discuss a three dimensional 402 microstructure, the EBSD data used provide only a two dimensional representation of grain 403 boundary geometry that is projected into the third dimension. Thus, a potential error may 404 arise that is related to the not quantified connectivity of minerals in the third dimension. 405
However, all samples used show that the compositional banding is a planar and not linear 406 features. Hence, anisotropy of the connectivity in the third dimension should only have a 407 minor influence on our results. 408
Comparison with data from the literature 409
To date, majority of studies consider the mafic root of the lower crust to be isotropic 410 due to a lack of strongly anisotropic minerals in granulite facies rocks (e.g., Lloyd et al., 411 2011 ). This seems to be confirmed by some laboratory measurements performed on 412 granulites from the Kohistan Arc that show isotropic seismic velocities (Burlini et al., 2005; 413 Kono et al., 2009). However, samples from these studies did not exhibit well-defined 414 foliation and lineation. An AV P of 6.4 % in mafic granulites from the same area was 415 measured in the laboratory by Burlini et al. (2005) . However, as the sample was collected 416 from the transition zone between isotropic garnet-pyroxene granulites and foliated 417 amphibolitic mylonites, it contained a large amount of hornblende exhibiting a strong texture. 418
Since fastest V P in these rocks were recorded parallel to lineation, which coincided with [001] 419 axis of hornblende, the interpreted origin of anisotropy was due to an increasing amount of 420 this mineral (Burlini et al., 2005) . Nevertheless, Chroston and Simmons (1989) measured V P 421 in the garnet granulites cores from Kohistan and found AV P of 5.6 and 5.7 % in two of the 422 samples. Although a detailed microstructural description of the samples is not provided, some 423 of the measured garnet granulites were -strongly banded‖ (Chroston and Simmons, 1989) . 424
Thus, the recorded anisotropies may be related to compositional banding. 425
To verify the accuracy of our result we compare the calculated mean velocities at 426 room temperature and pressure of 600 MPa (Table 3) with previously published laboratory 427 measurements for similar lithologies conducted at the same conditions (Fig. 6 , Table E.1 in 428 Appendix E). The mean seismic velocities calculated in this study are generally in a good 429 agreement with previously published results (Fig. 6 ). Garnet and two-pyroxene granulites 430
show slightly higher calculated than measured mean V P and V S velocities, while calculated 431 and measured velocities of eclogites are comparable. The lower values of measured mean V P 432 and V S velocities of granulites are most probably associated with the presence of secondary 433 phases, porosity and/or microfractures in the samples; features that are not captured in EBSD 434 analysis and, therefore, not incorporated into calculation. Secondary phases are likely to be 435 present in feldspars, which might explain the very good correlation of measured and 436 calculated mean seismic velocities in eclogites where feldspar is not present (Fig. 6) . 437
Seismic anisotropy in foliated magmatic arc rocks: Insights from Fiordland, NZ 438
There is a question of the applicability of results calculated for the cm-scale microstructure to 439 the km-scale rock mass. The AEH-FE method assumes that the microstructural geometry is 440 periodic and all macroscale field variables are defined to have a periodic dependence on the 441 microstructure. Thus, as long as the macroscale is much larger than the microscale (greater 442 than three orders of magnitude), the bulk elastic properties of the rock can be evaluated using 443 the AEH (Naus-Thijssen et al., 2011). Since foliation in granulites in Malaspina Pluton and 444
Breaksea Tops defined by compositional banding is pervasive for at least hundreds of meters 445 (Klepeis et al., 2016) this condition is satisfied in our case. On the other hand, a few-meters 446 thick layers and pods of eclogites that occur in granulites will not likely be visible for 447 naturally generated seismic waves. 448
The results presented in this study indicate that primary magmatic compositional 449 banding and deformation related texture in mafic granulites are a potential source for 450 anisotropy in the lower crustal rocks. Especially, the substantial shear wave splitting observed 451 in the foliation plane in granulites may contribute to the seismic signal received at the 452 surface. What is more, the S 1 foliation observed in Malaspina Pluton and Breaksea 453
Orthogneiss is generally gently to steeply dipping (35-80°; Klepeis et al., 2016) . The zone of 454 steeply dipping foliations is 6 km wide (Klepeis et al., 2016) . Thus, shear waves travelling 455 vertically to the surface along S 1 foliation planes can undergo a substantial splitting (Barruol 456 and Mainprice, 1993) . shallowly and steeply dipping foliation, respectively. 468
We have not considered the effect of the increasing temperature on seismic velocities 469 as would be the case in the natural geotectonic setting at the base of the magmatic arc. Of all 470 the analysed minerals, the seismic properties of plagioclase are most impacted by the 471 increasing temperature. Due to phase transformation, i.e. order-disorder transition at 400 °C 472 in plagioclase, increasing temperature lowers V P and V S in this mineral (Kono et al., 2006) . 473
This might further increase the seismic anisotropy of garnet and two-pyroxene granulites, as 474 the contrast between seismic velocities in plagioclase and pyroxene/garnet will be even 475 larger. 476
Conclusions 477
We investigated the influence of compositional banding on seismic properties of rocks. incorporates the spatial arrangement of minerals into analysis, we find a substantial P-and S-483 wave anisotropy (5-8% and 3-7%, respectively) in garnet granulites and two-pyroxene 484 granulites. Significant shear wave splitting for S-waves travelling parallel to the foliation 485 plane has also been determined in these rocks. These properties are not possible to detect 486 applying the commonly used Voigt-Reuss-Hill average. We conclude the apparent seismic 487 anisotropy originates from the compositional banding of plagioclase versus pyroxene ± 488 garnet, minerals that exhibit contrasting elastic constants and density, without a necessary 489 contribution from mineral textures. These results are directly transferable to other rocks that 490 exhibit compositional banding with significant differences in density and elastic constants 491 between bands. The distribution of V P and AV S in eclogites is also affected by the presence 492 of garnet-clinopyroxene banding; however, due to a small contrast in density and elastic 493 constants of constitutive minerals, their anisotropy is very low. 494
The generally intermediate to steeply dipping S 1 foliation that produces anisotropy in 495
Breaksea Orthogneiss and Malaspina Pluton is pervasive at a scale of hundreds of meters. S 1 496 foliation has been interpreted as primarily magmatic with little tectonic overprint and the 497 WFO experienced only minimal tilting during the exhumation. Consequently, we expect the 498 presence of similar structures in plutons at the base of present day magmatic arcs and the data 499 obtained in this study has direct implications for the interpretation of the seismic signal 500 within this geotectonic setting. 501
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